The translocation o f the purine nucleobases, guanine and hypoxanthine, across the plasma membrane of mammalian cells is the essential first step of the purine salvage pathway. Until recently, it was believed that such purines entered a variety o f cells via facilitated-diffusion systems that were either specific for nucleobases or also accepted nucleosides as permeants [ I , 21. However, this laboratory recentlydemonstrated the presence o f a sodium linked cotransporter for certain nucleobases in LLC-PK, cells, a cell line derived from the late proximal tubule o f the juvenile pig kidney [3] . To investigate h o w widespread this cotransporter is, w e have started t o study the properties of nucleobase transport in other epithelial cell lines, such as OK which is derived from the late proximal tubule o f the opossum kidney [41. In this report, w e describe the characterization of nucleobase transporters in the OK cells with particular emphasis o n the permeant specificity of the carrier systems.
OK cells were grown at 37OC in 5% CO, humidified air in Dulbecco's modified Eagles medium and subcultured for serial passage and experimental use (on 24-well tissue culture plates) as described previously (51. The influx o f [3Hlhypoxanthine influx by confluent cell monolayers at 3-6 days postconfluency were determined at 22OC as previously described for nucleoside uptake [ 5 ] with minor differences. The incubation and wash buffers lacked phosphate and the inhibition experiments were performed at 1 pM [3Hlhypoxanthine (specific activity 5 . 4 Ci/mmol) w i t h the extracellular marker [14Clsucrose at 0.4 pCi/ml.
Preliminary results established that hypoxanthine (1.4 pM) uptake by OK cells was linear for up to 60 s and markedly stimulated when Na' replace NMG' in the extracellular medium ( 1 3 0 and 5 0 pmol/min per m g protein, respectively). Hypoxanthine influx in the presence o f NMG' was further reduced by the presence o f adenine ( 3 mM) and papaverine ( 5 m M ) . These results suggest the presence o f t w o mediated uptake routes for hypoxanthine uptake in OK cells: a Na'-dependent pathway and a Na+-independent system. In subsequent studies, Na+-dependent hypoxanthine influx was defined as the difference in hypoxanthine uptake rates in the presence of Na' and NMG', whereas the Na'-independent flux was calculated as that in the presence of NMG+ minus that in the presence o f NMG' plus adenine and papaverine.
The concentration dependence of Na'-dependent hypoxanthine influx was saturable and conformed t o simple Michaelis-Menten kinetics (K, 1.5 f 0.4 pM; V, , 2 0 0 rt 2 1 pmolimin per m g protein ( k S.E. of the mean)). These values are similar to those obtained for LLC-PK, cells w i t h the exception that the V, , , is a factor o f 10 higher in OK cells. The Na' activation of the initial rate of 1 pM hypoxanthine influx revealed a hyperbolic stimulation suggesting a Na':hypoxanthine stoichiometry of 1: 1. Hypoxanthine influx via the Na'-independent route was also saturable w i t h kinetic constants of K, 1 10 k 5 2 pM and V,,, 1 
NI

The ability of a variety of nucleobases t o inhibit the Na' d e p e n d e n t a n d h y p o x a n t h i ne transporters in OK cells was examined. Table 1 demonstrates that both purine and pyrimidine nucleobases were able t o block Nai-dependent hypoxanthine influx. To further explore the structure-activity relationship of the nucleobase co-transporter, a series of uracil analogues were tested as potential inhibitors of hypoxanthine influx. Substitutions at the 2 and 4 position had a marked affect o n the ability o f uracil t o act as an inhibitor. Substitution o f the 2-or 4-position 0x0 group w i t h an amino group (cytosine (4-aminouracil) and isocytosine (2-aminouracil)), or elimination of one o f the 0x0 groups (4-hydroxypyrimidine ("2-deoxyuracil") and 2-hydroxypyrimidine ("4-deoxyuracil") prevented interaction w i t h the transporter. These results indicate that an 0x0 group at both the 2-and 4-positions o f uracil are required for binding t o the active nucleobase transporter. The Na+-independent nucleobase transporter had a substrate specificity that was very different from that o f the co-transporter. Of the compounds listed in Table 1 only adenine inhibited N a + -independent hypoxanthine influx. As was shown previously w i t h LLC-PK, cells [3] , dipyridamole and dllazep, but not nitrobenzylthioinoslne were able t o inhibit Na'-dependent hypoxanthine influx. 
